J74 467 



Pa ge 1 of 20 



(19) 




(12) 



Eiiropdisches Patentamt 
European Patent Office 
Off ice 6urop6endes brevets (11) EP 0 974 467 A1 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

26.01 .2060 Bulletin 2(K)0/04 

(21) Application nurr^r: !^ 

(22) Date of f ifing: 09.07.1999 



(51) imaJ: B41J2/165 



(8^ Oesi^natiaidl^b^^ 

AT BE dH CV^^ U LU 


:: • EiflMl^iM^^abqueiirie; 


Eastiran icbdak Company 


MCNLPTSi 


Rbchesteir/New York 14650-2201 (US) 


DiBsighiated feirtehsibn States: 


• Cbuw€»nHoveh, Dou^ 




Eai^tmah KodsikXkim 




R<M:hester, New York 1465^2201 (US) 


(30) Priority: 21,b7;t998 US 119909 


• HauschUd, Edward A., 




EjBstmah Kodak Company 




f^esiter, New York 14650-2201 (US) 


(71) Applicant: r : 


EASTM/^ KODAK OOMPAnV ^ 


!: (74) Representatiye: 


(a New Jersey corporation) 


LeWahddwsky^ Klaus, Dipl.-ing. et al 


rtelches^r, lillBi^^^^ 


Kbdak Aktlengeseilschafti 


(72) Inventors: 


l^tentabtellung 


7032^ Stuttgart (D^ 


• Weh.Xlh, 




Eibstimain Kbidi^k Company 




Roclieisten New York 14650-2^ (US) 





(54) Printer and method of compensating for malperforming and Inoperative Ink nozzles in a print 
head 

(57) Printer and method of conipensatihg for inoper- 
ative nozzles in a prirrt head. The printer (10) a>mprises 
a print head (4d) of nozzles (50) formed 

in the print h^ rA^^^^^ rrtay bef 

inoperative and at les^^^^ the nozzles is 

operative. A detection synstem (3215) is coupled to the 
nozzles for detecting the inoperative nozzle. A corrputer 
(90) is connected io the detection systeni for re-assign- 
ing printing function of. the inoperative nozzle to the 
operative nozzle. SQ fhfrt a sui^e output image is 
printed although some riozzles are inoperative. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] This invention generally relates to Inkjet printer 
apparatus arKi methods and nrK>re particularly relates to 
an ink jet printer and method of compensating for malp- 
erforming or inoperative ink nozzles in a print head, so 
that high quality images are prirrted although some ink 
nozzles are malperforming or inoperative. 
[0002] An ink jet printer produces images on a 
receiver by ejecting ink droplets onto the receiver in an 
imagewise lashton. The advantages of non-impact, low- 
noise, low energy use, and Iqw oo^ operation in addi- 
tion to tiie capability of the printer to print on plain paper 
are largely responsible for the wide acceptancie of ink jet 
printers in the marketplace. 

[0003] It is known that quality printing by an ink jet 
printer requires repeated ejection of ink drpplets from 
ir^ nozzles in the printer^ print head. Hpwey^^ 
these ink nozzles may malperlbrm. That is. some ink 
nozzles may indeed^ect ink droplets; however, tiie ink 
droplets are ejected along a trajectory devi 
the droplets* desired trajectory, ther^ leading to arti- 
facts in the printed irnage. Also, some ink nozzles may 
eject Ink droplets having ink cfa-optet volumes: erther less 
than or greater than the desired ink droplet; volume. In 
addition, some ink nozzles may eject Inkdrpplists at an 
undesired velocity. Moreover, some ink nozzles may 
completely fail to eject any ink droplets at all. When 
such malperforming nozzles are present, undesirable 
lines and artifacts will appear In the printed image, 
thereby degrading image quality Also, when nozzle fail- 
ures occur, unprinted lines will appear in the printed 
image along the direction of print head movement, 
thereby greatiy degrading image quality. 
[0004] Malperforming and inoperative nozzles may be 
caused, for example, by blockage of the ink nozzle due 
to coagulation of solid particles in the ink fluid in the 
nozzle. Malperforming and inoperative nozzles may 
also be due to inadvertent presence of foreign particles 
in the ink or faulty nozzle holes in a nozzle plate 
attached to the ink nozzle^. Yet another reason for 
malpertormtng and Inoperative nozzles may be inability 
to activate the Ink droplets when required. That is. Ink 
nozzles may fail to eject ink droplets as desired due to 
failures in an electric drive circuit which activates the 
nozzles in order to eject ink droplets. Moreover, ink noz- 
zle malperformance due to failures in tiie electric drive 
circuit may give rise to ink droplets not having either a 
desired volume and/or a desired velocity, which in turn 
produce image artifacts. Also, such malperforming noz- 
zles may only malperfbrm intermittently That is, such 
malperforming nozzles may operate as desired for a 
time and then malperiorm for a time only to return to the 
nozzle's desired operation. Moreover, in the case of 
thermal ink jet print heads, resistive heater elements 
that are in heat transfer communication with tiie ink in 



the nozzles for ejecting ink droplets may become 
degraded by repe^ed on-off heating duty cycles. Such 
heater element degradation compromises ability of tiie 
heater elements to supply the desired amount of heat 

5 when activated. For example, if a degraded heater ele- 
ment supplies less that the desired amount of heat to 
tiie Ink, then an ink droplet may not be ejected from its 
associated ink nozzle. Therefore, it wouM be desirat>le 
to unclbg such malperforming or inoperative ink nozzles 

10 or otiierwise enable such malperforming inoperative Ink 
nozzles to produce quality images. 
[0005] Techriiqu^fpr purging fdogge^ are 
known. For ^rhple; US. Pat^^ 
detector that detects^ 

IS lets. A nozzle purging operation then pb^ tiie 
dogged ink npzzl^ are detected. As anottier exa^^ 
U.S. Patent 5,455,608 discbses a sequence of nozzle 
dearing procedures erf inaeasihg intensity^ u noz- 
zles ho longer fail to eject Ink d^^ 

20 d^ng techniques are disclbs^ in U Si^ Patent 
4.16S;303 arid U:^ |We^ 

[0006] Hoiyever. the art referred to hereinabove 

af^ear directed to recovery jxpcedures 

completely fails to eject an; ink droplet Thus^ tos art 

25 appears to ignore tiie case in which, although the 
purged nozzle ^'ects an ink dropl et. the droplet none- 
theless does not pos^sess; desired characteristics (for 
ecample^ desired traji^tpry, desired volume, and so on)L 
Moreover, the art rieferred to hereinatx)ve appear to 

30 ignore the case in which not all failed nozzles can be 
recovered to be functional mer^y by performing nozzle 
d earing operations (for example, wiping, purging, 
extensive firing and tiie lIHe). For exarnple. s«lid coagu- 
lates in the ink blocking the ink holies may strongly 

35 resist removal by nozzle defaring operations^. That is, if 
only some of the solid coagulates are renxiyed,: then an 
ink droplet wilt eject; howeverrthe ejf^etd jrik^^ 
may not have the desired trajectory, diesired: volume, 
and so on. Moreover, such nozzle d earing operations, 

40 even if successful in removing solid coagulates, cannot 
repair failed resistive heaters or failed electric driver cir- 
cuits, Of ppurse. presence of such permanentiy malper^ 
fontyng or Inop^th^e nozzles compr6mise|s image 
quality 

45 [0007] Therefore, an object of the present invention is 
to provide an ink jet printer and method capat)le of com- 
pensating for malperforming and inoperative ink nozzles 
in a print head, so that quality images are printed 
altiiough some ink nozzles are malperforming or inoper- 

50 ative. 

SUIMMARY OF THE INVENTION 

[0008] Witii the atx)ve object in view, the present 
55 invention is defined by tiie several daims appended 
hereto. 

[0009] The printer comprises a print head and a plu- 
rality of nozzles formed in the print head. At least one of 
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the nozzles may be inoperative and at least another one 
of the nozzles is operative. A deitection system is cou- 
pled to the nozzles for detiacting the inoperative nozzle. 
A computer is cbnnecftcd to the detection system for rie- 
assigning printing function of the inoperative nozzle to 
the operative nozzle, so that a suitable output image is 
printed atthough sorne nozzies are inoperative. 
[001 Ql A1eature:pf ttie pi^e^^ is the prpvi^ 

sion of an ink jet'prirrter dsmprisin 
ing operative : ink hpi^fes thai ^e capatHe -of 
compensating for nnialperfbrmirig arid inoperative ink 
nozzles. 

[0011] An advantage 6^ 
quality irnages are 
zles are mj^performtngp^^^^ 
[0itH2] ^ /indtiier:!^^ 
that Iif6tii# of^i^nt^^K 
printing costs are reduced. 

[0013] These and other ejects/ features^ and advan- 
tages of the present invention will become apparent to 
those skilied in the art ifliib^ foltowihgf 
detailed desaiptidn ytiiij^ in conjunction vyith the 
drawings vi^eredntii^^^^ describiBd illustra- 

tive ennbodiments Of the^^ 

BRIEF DESCRiPTiON OF THE DlRAWINGS 

[0014] While the spedftqatibn concludes with daims 
partiorilEU'ly pointingHGN^ dairriirig the SLd> 

ject mattisr of the present; invention, it is beiieved the 
invention will k)ie better understc^ follbwing 
descripti(«i v^eirt tal^ 
panj^ng difavtnrijgsW^ 

Figure 1 is a view in perspective of a printer with 
parts removed for clarity; . 
Figuria 2A illusbates a first nmsk pattern produced 
t3y an operative nozzle of the printer during a first 
printing pass; 

Figure 2B illustrates a second mask pattern pro- 
duced by ari operative nozzle of the printer during a 
second printing pas^: 

Figure 3 illustrates a first algorithm for acquiring 
nozzle performance ihfbrmatfon (that is, nozzles 
operative, malperforming or inoperative): 
Rgure 4 is a plan view of the printer, with parts 
removed for clarity; 

Figure 5A illustrates a first mask pattern produced 
an Inoperative nozzle of the printer during a first 
printing pass; 

Figure 5B illustrates a second mask pattern pro- 
duced by an operative nozzle of the printer during a 
second printing pass; 

Figure 5C illustrates a test image for detecting 
malperforming ink nozzles as well as fully operative 
ink nozzles; and 

Figure 6 illustrates a second algorithm providing 
image processing steps which result in compensat- 



ing for malperforming or Inoperative ink nozzles. 
DETAILED DESCRIPTION OF THE INVENTION 

5 [001 5] The present description will be directed in par- 
ticular to elements forming part of, or cooperating more 
directiy with, apparatus in accordance with the present 
invention. It is to be. understood that elements not spe- 
cifically shown or descnlsed may take vartous forms well 

10 known to those stalled in the art. 

[001 6] There/tore, referring to Rgs. 1 , 2A and 2B, there 
IS shown a printer, generally referred to as 10, for print- 
ing an output image 20 on a receiver 30. which may be 
a reflectivehtype receiver (for exarhple, paper) or a 

IS tr€uismissjye-^ e)rample, tirahsp^^ 

i'rinter itiiipririts inriage 20 t^rm hiead 40, 

whidi is jari inki je^^^ ink 
: eje^on nosdi^^^^ For reasbr^ dis^ 

dCMsed hereint^elow, eadi nozzle 50 is assigned a 

20 unique ind« nuhfiber "fsl> wher^ = 0. . . M. Here, tiie 
value "M"may be equal to the total number of nozzles 
50 formed in priiit head 40. By way of example orily and 
not by yi/ay of limitatibn, tiiere may be 200 index num- 
bers Ni where i:^ to 199; That is. there rifiay l)e 200 ink 

25 rkXEzles 50 in print head 40. 

[0017] Referring again to Figs. 1 . 2A and 28. it is seen 
that printer 1 0 generally comprises the following compo- 
nents: (a) a rotatable platen 60 and a receiver guide 70 
for translating receiver 30 witii respect to print head 40; 

30 (b) print head cdntrdi electronics 80 connected to print 
head 40 for dbntrollirig activation of nozzles 50 in prM 
h^ 40; Cc) a; conip^ 
cofitrol electronics 80 for provklii^ iMge datsi 
head coritrblelectfonics 8^ 

35 ooupled tocomputer JSOfbr processing the digital image 
data; (e) and motion control electrortics 1 1 0 associated 
with print head 40 and platen 60 for controlling transla- 
tion of print head 40 and rotation of platen 60. Each of 
these components in addition to other componerrts 

40 defining the invention are described more fully hereinr 
below. 

[001 8] Still referring to Figs. 1 , 2 A and 2B, printer 1 0 
further comprises a print head transport mechanism, 
generally referred to as 120. Print head transport mech- 

45 anism 120 is coupled to print head 40 for reciprocating 
print head 40 with respect to receive 30 along a direc- 
tion illustrated by a double-headed arrow 125. In the 
preferred emtxxJiment of the invention, print head trans- 
port mechanism 120 includes a first motor 130 engag- 

50 ing a gear 140, which in turn engages a pulley-belt 
assembly 150. Pulley-belt assembly 150 moves print 
head 40 with respect to receiver 30 along a fast scan 
direction as indicated by an^ow 125 when first motor 130 
operates. AKhough not shown, print head transport 

55 mechanism 120 may furttier include positional feed- 
liack. a liner encoder, and a direct cun'ent first motor 
130. Alternatively, print head transport mechanism 120 
may be a screw<:lriven arrangement having an elongate 
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lead-screw (not shown) extending parallel to platen 60 
and threadably engaging print head 40 for rec^rocating 
print head 40 along a longitudinal axis of the lead-screw. 
Moreover, printer 10 also comprises a receiver transport 
mechanism, generally referred to as 160. for translating 5 
receiver 30 with respect to print head 40 along a direc- 
tion illustrated by an an^ow 165. In the preferred embod- 
iment of the invention, receiver transport mechanism 
160 includes a second motor 170 connected to motion 
control electronics 110 and engaging a gear arrange- w 
merit 180. Second motor 170 operates platen 60 by 
means of gear arrangement 180, such that receiver 30 
moves in the direction of an-ow 165 and slides along 
guide 70 when second motor 1 70 operates. 
[0019] Refening yet again to Rgs. 1 , 2A and2B. adig- is 
ital image source 190 is connectied to computer 90 for 
supplying an input digital image (ncit shoyyh) to corn^ 
ter 90. which input digital image cornprises a plurality of 
pixel values characterizing the digital Image by pixel 
color, i^xel location. 9nd so oa In this regard, digital 20 
image source 190 may be a digitsJ camera, sq^ 
the like (also not shown). AJtemattvely, tMs input Cfigjital 
image also may be created on computer 90 by meatiS; of 
a suitable user imerface that may include a di^iay.^ 
keyboard, a stylus, and/or a "mouse" (also not shown). 25 
Computer 90 preferably includes at least one communi- 
cation port (not shown) for transferring image files and 
other information to external devices, such as a opmpu- 
ter network mass storage aresu A nozzle performance 
Information source 200 is stored In a mempry (not 30 
shown), which is connectcK) to (X>niputer 90rfor supply- 
ing information to computer 90 about performarrce of 
each nozzle 50. in this regard, the nozzle performance 
information supplied to computer 90 specifies whether 
each nozzle 50 is "majperforming", "inoperative" or 35 
"fully operative", as described in detail hereinbelpw. 
[0020] In addition, in ink jet printing, an image row is 
often printed in more than one printing pass for at Ijsast 
two reasons. First risk of ink coalescence on the. ink 
receiver is minimized because only a subset of all 40 
image pixels is printed in each printing pass. This also 
reduces probability that ink spots at adjacent pixels will 
be in liquid contact. SecorKily, visual artifacts caused by 
variabilities between ink nozzles are reduced. Such var- 
iabilities may t>e due to variat3llitie8 introduced in rnanu- 4s 
Picturing the print head. In order to ameliorate such 
variabilities, each image row is printed by more than one 
ink nozzle in more than one printing pass. Therefore, 
variability, such as errors in ink drop placement or ink 
drop volume, between ink nozzles 50 can therefore can- so 
eel each other and make image artifacts less apparent 
to the naked eye when niore than one printing pass is 
made. 

[0021 ] Therefore, Rgs. 2A and 2B illustrate printing of 
a single image row 210 in two passes when all nozzles ss 
50 are fully operative. The terminology "fully operative" 
with respect to nozzles 50 is defined herein to mean 
nozzles 50 that eject ink drops having desired charac- 



teristics, such as desired ink drop trajectory, desired ink 
drop volume, and desired ink drop velocity Entry values 
of mask patterns in image row 210 comprises a plurality 
of pixel locations 220 having pixel location index num- 
bers Pq, where i = 0 . . . M and | = 1. . . C. In this exem- 
plary embodiment of the invention, "M" is the total 
number of pixel rows that extend horizontally on 
receiver 30 and "C" is the total number of pixel columns 
that extend vertk^ly on receiver 30. Thus, the subscript 
T for pixel location Py denotes a row location and the 
sut^script "j" for pixel location Py denotes a column loca- 
tion. Therefore, location of each pixel in image 20 can 
be d^ribed by its two<iimensional pixel focation 
number Pq. However, it should be hpted that yalMes of 
P^ are values for mask patterns in irnage ri^ 210 
rather than pixe|| \^ues pbtairied^ f^^^ digitiri input 
image; es dlsck^^^ mve :funy ih order to 

determine wheti[><^ a pixel is priittcxj, ihe^!^^ 
value arid the pM N^tie from th€^ digital ir^ 
Ipgic^ mutti^i^ logicel!^^|/^P^:i^ 
'operatipri}^ : • 

[Q02K2]. R(^rririig:fo;Fj|g.2^ 

ated th^ a p^rfe(^y;operi^^ pnnteril ipi :h||& 

50 operative: The f^rihtirig proce^^b^ receiver 

transport mechahtism 160 positions receiver 30 sp that 

image row 210 comes into registration with nozzles Nq. 

Next, print head transport mechanism 120 translates 

print head 40 alongthe fast scan direction (that is, direc- 

tfon of arrow 125) :to print a swath plane cornprising M 

image rows. More specif ically, image row 21 0 is printed 

usIngafiMiT^ 

printing pass, i^r purposes of illustration^ f irst rnask pat- 
tern 250 for nozzle 50 is illustrated as containing entry 
values of "0*s" and "1", where the entry value of "1" is 
used herein to indicate that nozzle Nq has been enak)led 
to print a pixel at a predetermined pixel value at pixel 
location Py and the entry value of "0" is used herein to 
indicate that nozzle No has k)een disabled to not pirint a 
pixel focation P||. 

[0023] Referring to Fig. 2B. receiver 30 is advanced t>y 
receiver transport mechanism 160 so that hmge row 
210 comes into registration with n<»zle Niop- A* 
point, the next swath plane of image 20 is printed. More 
specifically, image row 210 is printed using a s^^x^d 
mask pattern 260. As described hereinabove, the val- 
ues of "O's" and "iV ait pixel locations P^ in secpricl 
mask pattem 260 represent enabling and disabling, 
respectfully, of printing at each pixel for that particular 
pass. 

[0024] Referring again to Figs. 2A and 2B, enfry val- 
ues in second mask pattern 260 are complementary to 
values in first mask pattern 250. That is, where an entry 
value of "0" appecu^ in a column "j" of first mask pattem 
250. such as at pbcel location Po,i. a complementary 
entry value of "1 " appears In the same column "j" of sec- 
ond mask pattern 260, such as at pixel location P^qq, v 
Conversely, where entry value of "1" appears in a col- 
umn "j" of first mask pattern 250, such as pixel location 
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Pq^, an entry value of '*0'' appears in the same column 
"j" of second mask pattern 260, such as at pixel location 

Pl00.2- 

[0025] Referring yet again to Figs. 2A and 2B. image 

row 210 is printed by nozzle 50 having index numl^er Nq 

in the first printing pass and then over-printed by nozzle 

50 having Ihidex number Nioo in the second printing 

pass. In Uiis manner, the combined effect of mask pat- 

tems 240 and 250 produciBd by the fi^ 

printing passes, respectiyely, allows ail pixels in image 

row 210 to be printed. Thus, duiing ttie fir^^ 

pass, nozzle No is activ^iBd to prirt a pi^ 

portion of im^e^ itiw 210 gsjng irtstek pattern Stirv 

ilariy. during the iiecohd printing^ 

activated to pri^ rornainiiTg^ l^ 

210 usiirtig itMis^ 

nozzles that prirt t3veir the^^s^ 

nozzles Nq and N^oo. assigned to a nozzle group: 

Another ribizletsfroupme^ Nioa. 

Yet another nozzle gnoup iT»y iridiide irozzlies; Ngg^ 

Ni9^. It nriay be ipprw 

thtf the presertt inyiB^^ cKQ^ ways 

of organiing nozzle groUjfe^v^^ 

on the specific printing mode selected luid 

ferent from the^cample disdcsed immediately here^^ 

above. Such specif ic printing modes may. for example, 

be number of printing passes, paper transport amcxint 

after each jpass, iar^ on. 

[0026] Befemng to Figs. 1v 2A aiid 2B, the Input digital 
image Is traiiHmitt<d^ 

computer 90; wheiN6in t^^ iripift digjt^ im^ei ; is jjroc- 
essed i>y image processor 100, In this regard, image 
processor iop is capable of resizihg. croippirig. tone 
scale trahsfbrmation, ojlor trtuisforniatibn, arid/p half- 
toning the iripLrt digital imagiB-MbrTOver; image 
sor 100 places the inpirt dig^ 

for Input to ink jet print head 40. which inittige format 
may be in the form of separate color plaries conipriising 
the input digital image (for exanrple, yellow, magenta, 
cyan and black color planes); or a plurality of swath 
planes that are each printed during differ^ printing 
passes, as described hereinabove. As descried more 
fully hereinbelow.innage processor 100 also indudes a 
first algorithm 270 (see Rg. 3) that acquires nozzle per- 
formance information such as whether nozzles ^ are 
either operative nralperforming or inoperative. Also as 
described rnore fully herelnbelow, image processor i 00 
further includes a second algorithm 370 (see Fig. 6) for 
compensating for any inoperative nozzles 50. These 
algorithms 270 and 370 are used to acquire nozzle per- 
fornrwnce.infonration and to compensate for presence 
of inoperative nozzles 50 by using only operative noz- 
zles 50. 

[0027] Refemng yet again to Figs. 1 . 2A and 2B, the 
processed digital image data provkied by image proces- 
sor 100 is transmitted from image processor 100 to the 
previously mentioned print head control electronics 80. 
The print head control electronics 80 receives this proc- 



essed digital image data and transforms this data into 
electrical signals that selectively drive (that Is, selec- 
tively activate) nozzles 50. These selectively driven noz- 
zles 50 produce output Image 20 on receiver 30 by .^^ 

5 printing a plurality of image rows 210 onto receiver 30. 
In addition, motion control electrontos 110 controls first 
motor 130, so that print head 40 is controllat)ly trans- 
lated with r^ect to receiver 30 in order to print each 
image row 210 in first mask pattern 250. In addition, 

10 after each swath plane is printed, motion control elec- 
tronics l lO contrpllB second motor 1 70, such tiiat platen 
60 rotates to advahoe reciter 30 in a direction illus- 
trated by arrow 165: Receiver 30 is advanced in this 
manner in oitfer to prepare tiie ink nozzles in tire same 

IS nozzle group for pr^ image mask pattern 

260 on Inrage row 21 0 of image 20; It may be appred- 
: '., ated frprn : tiie description hereinabove tiiat a single 
Ihige rb^ be com^ 

plet^y pnnted ih;% 4^ 6 or ar^ nunnber of such printing 

20 passiBS; if desired ■ f^^, 

[0028] The desaiptibn hereinabove was direlcted to 
: ttie nominal case where air nozzles 50 are operative 
arxi Ho nozzles 50 are malperforming or inoperative. 
Howeveir, sortie of theiisel nozzles 50 in fact may be malp- 

2S ierfbrming 6r indpereitive. It is desirable to detect and 
compensate for malperforming or inoperative nozzles > 
50 by activsating fully operative nozzles 50, so as to pro-^ 
vide high quality output image 20. 
, [€1029] Refenirig to Figis. 1. 2A. 2B and 3. first algo- 

30 rithm 270 for provkJing' ifi^ 
: bi^lns with deteic^ 
f ; aidr <^ 

are detcK^ed in a rhariher disclosed pireseritiy. Next, - 
nozzles 50 are organized into nozzle groups, asf at step 

35 3?0, and as desdrlbiad hereiriabove. Some of the Index 
nuntoers Nj are associated with nnalperforming and 
inoper^e nozzles 50. while other ones of the index 
numbers 1^ are. ass^ witti fully operative nozzles 
50. In step 347, these nozzle index numbers N| repre- 

40 senting e'rther maljDerforminig. inoperative or operative 
nozzles 50 are stored as nozzle performance informa- 
tion in nozzle performance information source 200. This 
riozzle performance iriformation is then transmitted from 
pertbrmance information source 200 to computer 90 

45 where it is processed for use by image processor 1 0O: It 
may be appredated tiiat nozzle peribmfianc informa- 
tion source 200 may be stored in an electronic memory 
connected to computer 90 for storing nozzle indices Nj. 
[0030] As best seen In Figs. 3 and 4, any inoperative 

so nozzles 50 are detected by an optical detection system, 
generally referred to as 325, conprising a light source 
330 laterally disposed to one side of print head 40 and 
a light sensor 340 laterall/disposed to an opposite side 
of print head 40. Ught sensor 340 is coupled to nozzle 

55 performance information source 200 for transmitting an 
electi'lcal signal to nozzle performance information 
source 200, as described in more detail presently. Ught 
source 330, whfoh may k>e a laser light source, is coiin- 
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early aligned with light sensor 340 and emits a fight 
beam along a light beam path 342 passing adjacent to 
nozzles 50. Of course, light sensor 340, which may be a 
photodiode, receives light em'rtted by light source 330. 
Thus, in order to detect operative nozzles 50. motion 5 
control electronics 110 translates print head 40 to a 
position between light source 330 and light sensor 340, 
so that when an ink droplet 290 is ^ected from opera- 
tive nozzle SO. the light beam is interriv^ted. When the 
light l3eam Is interrupted in this manner, an electrical 10 
signal produced by light sensor 340 causes this nozzle 
50 to be recorded in nozzle perlbrmari<^ irrformation 
source 200 as an operative nozzle 50. On the^ 
hand, if ink droplet 290 fails to eject from nozzle 50 
when nozzle 50 is activated, then the light beam is unin- is 
terrupted and noiejectncal sig^^ is produced t^: light 
sensor 340. In this iatt^ ; 
nozzle perfornrianceihfi^rm^ 

erative nozzle 50. Using this information, rnaskpattems 
250 and 260 are applied to nozzle grpups 20 
operative nozzle^. Mask paitterhs 
sequently applied to; nozzle groups that Indude jil!^ 
ative nozzles. 

[0031 ] However, some nozzles 50 nriay be rhalper- 
fbrming in the sense that ink diroplets 290 are ej^ed 2$ 
but not as Intended. Such nozzles are not cpnnpletely 
"inoperative" and not "fully operative". For ©cample, 
some ink nozzles 50 may indeed eject ink droplets 290; 
however, the ink droplets 290 are ejected along a trajec- 
tory deviating from the droplets* desired trajectory; that 30 
is, the trajectory norinal to a nozzle pigte (not stoy^ : 
belonging to priritti^d 40. Otiier ink nozzles rmy eject 
ink droplets 290 having ink droplet volumes either less 
than or greater than the desired ink droplet volume. 
Such ink nozzle behavior may lead to artifacts appear- 35 
ing in output image 20. That is, vt^en such rnalperfdrm- 
ing nozzles 50 are presents image artifacts, such as 
t>anding, will appear in the printed image, thereby 
degrading image quality. As described presently, the 
invention compensates for such matperfbrming riozzles 40 
50. as well as for completely failed nozzles, in order to 
obtain a high quality output image 20. 
[0032] Therefore, as best seen in Rg. 5C. a test innage 

361 is first printed by a specific print head 40 for acquir- 
ing nozzle performance information. The purpose of 45 
printed test image 361 is to detect nozzles that are 
malperforming as well as nozzles that have completely 
failed. In this regard, printed test Image 361 includes a 
plurality of ink marks, such as lines 362, with each line 

362 being printed by a different nozzle N}. where i = 0 to so 
199. For purposes of clarity, test printing results for only 

a subset of all two-hundred nozzles are ishown in Fig. 
5C. That is, test printing results only for nozzles N|. 
where i s 0 to 19 are shown. 

[0033] Still referring to Rg. 5C, a desired (that is, per- ss 
fectly formed) line 363 printed by a fully operative nozzle 
N12 comprises a plurality of generally aligned ink dots 
364a of sut>stant]ally equal size, each ink dot 364a 



being formed by individuai ink droplet 290. However, if 
any one of nozzles 50. such as nozzle N2. completely 
^Is to eject ink droplet 290. then a space 365 is 
observed where line desired 363 shou|d t}e. In addition, 
if any one of nozzles 50, such as nozzle N7. ejects ink 
droplet 290 along an undesired trajectory, then a line 

366 is displaced from its intended location in printed test 
image 361 . Moreover, if any one of nozzles 50. such as 
nozzle Ni7. ejects an insuffid^^ 

droplet 290, theri a lighter and thinner thari desired line 

367 |s produced;^ )n this case^ lighter than desired line 
367 coniprises ink dots 364b than ink 
dots 364a. Iri adc^ 

nozzle N|g, ejects; iiiore than desired volume of ink for 
ink droplet 290, then a d^ desired 
line 36$ is lprpc^^ . 
line 37^ conj^^ ink ; 

dots 364a; The:rK>zzle indices::Ni for fully operative, as. 
well as matperfbrming nozzles;^^ 
formance information source 200. 
[0034] Refemng aga^^ Rg. Si arty malpeirt^ 
nozutles 50 ihcli^in^ completely ^^^^^ 
can be detected visually or b^^^^^ 
operated af^rB^ AAAth iiega^ visual • 

detection, an operator of printer 10 exarftines nozzles 
50 and determines the malperfprrning no?z 
the completely foiled nozzles. N€oct, th 
index numbers Nj cprrespK)nding to those nozzles eject- 
ing inkdroplets 290 in an undesirable manner asf well as 
those nozzles that completely foil to eject; ink: droplets. 
The operator then lnputs tills intorma1for) lnto^ o^ 
90, vtiliicti sib nozzle p#i^ 

infbrmatipn source 2^ the other hand, with regard 
to detection by means of automatipally ppera^ 
ratus, printed test image 361 Is imaged |by an image 
sensor (not shown), preferably integrally connected to 
printer 10. The image is theri analyzed^ one pf 

a plurafity of image pattern recognition prpgrarns well 
known in the art, to detect malperforming nozzles 
including conripletely foiled nozzles. This infpnmtion is 
then stored in nozzle perfornriance :inforn]»tion: source 
200. 

[0035] Referring to Rgs. 4 and 6. it may be appreci- 
ated from the discussion hereinatxsve that previously 
mentioned light source 330 and light sensor 340 are 
used to detect completely foiled nozzle 50. Also, it may 
be appreciated from the discussion hereinabdve that 
test image 361 is also used to detect a completely failed 
nozzle 50, as well as detecting other malperforming 
nozzles 50. Therefore, if it is desired merely to detect 
completely foiled nozzles 50. light source 330 and light 
sensor 340 may be used. Alternatively, test image 362 
may be used to detect completely foiled nozzles. An 
advantage of using light source 330 and light sensor 
340 to detect a completely foiled nozzle 50 is that test 
image 362 need not be printed. This results in a con- 
comitant time savings because time spent printing and 
analyzing test image 362 is avoided. 
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[0036] Rgs. 5A and 5B provide an exemplary illustra- 
tion of how 8uch :malperf6rmirig and inbi>erative nozzles 
50 are compensated fbr by operative nozzles 50. In the 
example descra:>ed pr(^ently, noz^^ No is assumed to 
be an inoperaitiye (that is, failed) nozzle, this nozzle No 
will define a thind mask pattern 345 in the first printing 
pass. In this regard, third mask pattern 345 defined by 
nozzle No is illustfiated as containirig entry values of all 
"0*8" (that is, nozzle No inoperative). On the other hand, 
nozzle Nioo aissumed to be an operaiSye nozzle. This 
nozzle Nioo defines a fourth mask pattern 348 in the 
second printing pass. In this regard, fourth maisk pattern 
348 defined! by nozzle Njop illustrated as conttaihing 
entry values of ail "1 V (that is. nozzlia Ntoo operative). 
Thus,; it niay be urKJers^^ apf^arinQ: 
\n fourth maskpatt^^ 

values appearijr^ijg Thai is. 

where entry value of "0" appears in column "j" for third 
mask patterh^^ a c6rr?i ertierrt^ 
apipear8 in the same T for- fburth rhaisk pattern 

348.' ■ 

[003^ Referring again to fHgs. 5A arid 5B, and as 
described hereinabove, third mask pattern 345 is illus- 
trated as containing entry values of all "b*s" (that is; noz- 
zle No inoperative) and fburt^^ patieriii i348 is 
^ illustrated as containing eritry values of all "IV (tf^t is. 
nozzle :Nii)o;<^ 

desatptton HeireiriM^ that Vyheh the er#y^^^^^^ 
third m^ikiMri^^ 
nozzle W^tfien ho p^ 
will b(B printed iri ihe f insrt priritirig: 
image value at tfiose pixel locatlona ^mHarly. it may be 
further ayppi^eciated^ the descr^irtibn hereinabove, 
that if the entry values in fourth mask pattern 348 are "1 " 
for a specific operative nozzle 50^ then pixel locations 
Pioo J will be prihtiad in the second priiiting pass conisist- 
ent witti the iitwge values for ttiose pixel locations. In 
this rmriner, all pixels for image row 210 are printed 
even though sbme nozzles 50 are irtoperative. Also; the 
combined effect of fourth mask pattern 348 when over- 
laid onto third maskpatterh 345. after completion of the 
first printing paSs and second printing pass, allows all 
pixels in image row 210 to be printed using ioperatiye 
nozzles 50 in place d incHJertitiviB W 
{0038] Referring to Figs. 3, 5A aind 5B, if nozzle N© is 
detected as inoperative in the manner disclosed hiareirh 
above, then third mask pattern 345 for nozzle Nq is 
stored in nozzle information source 200, as at step 347 
of the previously mentioned first algorithm 270. Next, 
the inoperative nozzle 50 having index numtper No. is 
disabled, as at step 350 of first algorithm 270. This dis- 
abled nozzle 50 having index number No is illustrated in 
Rg. 5A. wherein each entry value fbr each pixel location 
is "0". These entry values of "0" indicate that no pixels in 
image row 210 are printed in the first printing pass. Put 
another way, the printing function of disabled nozzle 50 
having index number Nq (that is. disabled nozzle 50 
having entry values of "0") are reassigned, as at step 



360 of first algorithm 270. to operative nozzle 50 having 
index number N^oo (^^^ is* enabled nozzle 50 having 
entry vajqes of "1"); That is, printing function of disabled 
nozzle No is reassigned to operath^ nozzle Ntoo- Thus, 
5 entry values in image row 210 have a value of "I" during 
the second printing pass, so that all unprinted pixels 
associated with inoperative nozzle Nq in the first printing 
pass are printed by operative nozzle Nioo in the second 
printing pass. 

10 [0039] Turning now to Rg. 6. there is shown a second 
algoritiim, generally referred to as 370. Second algo- 
rithm 370 illustrates imaging processing steps per- 
fbrmed by image processor 100. In this regard, at step 
380 the iriput image is operated upon in order to resize, 

75 crop, tone scale,:halftorie..traris^ and separate 

image row planes for each priritihg pass and each ootor. 
It niay be appreciated tha^ 100 may 

perfbrm other di^ir^ irriage preprbcessihg bperations. 
as needed: As tiiustrated at step 390. a swath plane 

20 iricludirig a plurBdity pf imag^ is extracted; that 

is, all pixel values of the swath plane read by image 
processor 100; Next, an image colurhn is extracted from 
the swa0i:plane, as at step 400. An image pixel is then 
extracted from the image column T (where j » 1 . . . C). 

25 as at step 410: In additiba step 420 determines 
whether nozzle 50 falls into a nozzle group containing 
inoperative nozzles. It all nozzles in a nozzle group are- 
operative, nominal (that is, regular) mask patterns are 
ai3plied as shown in Rgs. 2A and 2B and at step 430. 

30 On me other hand, if nozzles 50 include inoperative 
nozzles, new mask patterns 345 and 348 are applied, 
as at step 440, Ml^^^ 

repeated fbr all pixels Py in steps 450 through 470. It 
should be observed that first algorithm 270 and second 
35 algorithm 370 preferably reside in computer 90 in 
machine language. 

[0040] It is appreciated from the description herein- 
above that an advantage of ttie present invention is that 
high quality images are printed atthough some ink noz- 
40 zles are nialperfbrming or inoperative. This is so 
because pixels that wouW otherwise be printed by inop- 
erative ink nozzles 50 in a first printing pass are instead 
printed t^ operative ink nozzles 50 in a second printing 
pass. 

45 [0O41 ] Another advantage of the present invention is 
that printing costs are reduced. This is so because pur- 
chase of a new print head merely to replace malper- 
fomiing and inoperative nozzles is virtually avoided. 
[0042] While the invention has been described witii 

50 particular reference to its prefen-ed emlxxJiments, it will 
be understood t)y tiiose skilled in the art that various 
changes may be made and equivalents may be substi- 
tuted fbr elements of the preferred enlbocfiments witiiout 
departing from the invention. For example, printer 10 

55 may include a nozzle purging apparatus in communica- 
tion with each nozzle 50. Such nozzle purging may be 
performed by an ink pump and a vacuum suction 
device Thus, any malperforming or inoperative nozzles 
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may be purged before using the invention to compen- 
sate for the Inoperative nozzles. This technique has the 
advantage of restoring function of matperforming and 
Inoperative nozzles, if possible, so that a minimum 
number of malperfonnihg and Inoperative nozzles need 5 
be compensated for by operative nozzles. In this man- 
ner, printing speed is not significantty reduced. None- 
theless, some of these malperflbrming and Inoperative 
nozzles nonetheless may resist purging operations. 
According to this technique, compensating for such per- 10 
manentty malperfbrming and inoperative nozzles by 
using operative nozzles would only occur after any 
unsuccessful purging opieration& 
[00431 As is evident from the foregoing description, 
certain other aspects bf the invehtion are not limited to/ is 
the particular details of the examples illusticited. and it is 
therefore contemplated that other modifications and 
applicatiprs will occur to those skilled in the art It is 
accordingly intended that the claims st^ll cover 
modifications and applicatioifis as dp not depart fr^ 20 
true spirft arKl scope of the irivert^^^ 
[0044] Tlierefbre. whatlsprbvMje^^^ 
and method of compensating formalperformir^ and 
inoperative ink nozzles in a print head, so that high qual- 
ity images are printed although some ink nozzles are 2S 
matperforming or inoperative. 

Cialms 

1. An Ink jet printer, oomprising. so 

(a) a plurality of drop-emitter nozzles (50) 
ananged such that a first nozzle is adapted to 
print along a first path substantially the same 
as a second path previously printed by a sec- 35 
pnd nozzle; arid 

Qi) a control (90) adapted to enat)le said first 
nozzle during a portion of tiie first path arid to 
enable said second nozzle during a comple- 
mentary portion of the f irst path, such that said 40 
first or said second nozzle is enabled during 
the entirety of the first path, said control being 
effective to disat^te said first or said second 
nozzle during the entirety of the first patti and 
to enable said first nozzle or said second noz- 4S 
zle during the entirety of the second path. 

2. The printer of claim 1 , further comprising a nozzle 
transport mechanism (120) connected to said rK3z- 
zles lor translating said nozzles in a first direction so 
with respect to tiie receiver, so tiiat said nozzles 
print on a receiver (30) in the first direction. 

3. The printer of claim 32 further comprising a receiver ' 
transport mechanism (160) engaging said receiver ss 
for transporting said receiver in a second direction 
with respect to said nozzles, so that said nozzles 
print on the receiver in the second direction orthog- 



onal to tiie first direction. 

4. The printer of claim 1 . wherein said control is capa- 
t)|e of electrically driving said nozzles to eject ink 
droplets therefrom. 

5. A print head, comprising : 

(a) a plurality of nozzles, at least one of said 
nozzles being inoperative and at least another 
one of said nozzles being operative; and 

(b) a cpniputer (90) connected to said nozzles 
fbrie^ssigruhg printing functiori of 8^ inoper- 
ative nozzle to said operative nozzla 

6. The print head of diaim 5. furtiier comprisirig a 
detection systeni 

detedtii^ sc^ 

7. The pririt h^ of daim 6^ wft^iifi said di^iedkKi 
system is an: cp^^ 

8. A mettiod of a^iembling a. printer, ^G^^ 
steps of: 

(a) providing a plurality of drop-emitter nozzles 
ranged such that a first nozzle is adapted to 
print alpng ia fir^ path substaritially the:^£^ 
as a second patti previously printed tly a; sec- 
ond nozzle^iiarld;...-..^ - 

(b) providing a control adapted lo anabie' said ; 
first ripzzfe during af^^ 

to ensdple said siecpnd n^^ 

mentary portlori erf the f i^^ such that said 

first or said- second riosle is e^najbled dMring 

theefiti^i^^^ 

eff^c^: to^^^^ or said se(i»^ 

nozzle iduririg^^eem^^ 

to enable said first nozzle or said second noz^ 
zliB during the entirety of the second patti. 

9. The metiiod of claim 6, further c»mprist^ 

of connecting a nozzle transpiprt mechanism to ti^ 
nozzles for translating the nozzles in a fir^ direction 
witti respect to ttie feoelyer, so tiiat the nozzles print 
on tiie receiver in tiie first direction. 

10. The method of claim 9, further comprising the step 
of engaging a receiver transport mechanism witii 
the receiver for transporting the receiver in a sec- 
ond cfirection orthogonal with respect to the print 
head, so that the nozzles print on the receiver in the 
second directton orthogonal to the first diredkm. 

1 1 . The method of daim 8. wherein the step of connect- 
ing a control comprises the step of connecting a 
control capable of electrically driving the nozzles to 
^ect ink droplets therefrom. 
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12. A method of assembling a print head, comprising 
the steps of: 

(a) presiding a plurality of drop-emitter nozzles 
arranged such that a first nozzle is adapted to s 
print along a first path siMbstantiial|y the sahie 
as a second path preKnously printii^ a Siab- 
ond nozz|e;.and 

(jo) providih^ a control adapted to ehablia said 
first nozzle during a portion of thi^ f jrst palih and 10 
to enabtia safd secorxj ncKzle duririg acompIO' 
mentary portib[h <^ the first path, sik^ that said 
first or said sidcond ribzzle is enaidled during 
the entirety of :the first path, said cohtrbt being 
effective t6 disable ^id fii^ or €^ second is 
nozzle diirfriig the entirety of the first j9ath to 
enable sad; first nozzle or said second nozzle 
during the emirety of the secorvj path. 

13. A method of assembling a print head for printing ah 20 
imaige on a receiver, comprisirig thie steps of: 

(a) couplir>g an optical detection' system to a 
plurality of nozzles fbi- df^cally detecting inop- 
erative nozzles^ a prc^rtion of ttie nozzles -25 
being inoperative and a t:emaihing pr^^ 

the rK)zrf(d«bdng op 

(b) connecting a cx)nrputer to the <^ 
tibn systeni loirj^sa 

iribpemtive ridzz 30 
that the o^^ratiye npzz^ 
inoperative nozzles : in order that the Iniage i^^^^ 
printed on the.recdver by the ope^tive noz- 
zles. 

35 
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